Summary. The 
Introduction
Most studies on the pre-natal development of the mammalian gonad have been concerned with qualitative or quantitative investigations of oogénesis and follicular growth or with analyses of the chromosomal configuration of oocytes at various stages of meiotic prophase (see Baker, 1972b; Franchi & Baker, 1973; Zuckerman & Baker, 1977) . Although much information has been obtained from these studies, little is known about the factors that control the initiation of oogénesis, the progression of oocytes through meiotic prophase and their arrest at the diplotene stage, and the onset of follicular growth around the time of birth. The limited available information on these controlling mechanisms derives largely from studies involving organ culture of embryonic and fetal gonads, removal of the maternal or fetal pituitary gland, or from treatment of neonatal mice with antisera to gonadotrophic hormones.
These investigations indicate that gonadotrophins have little or no effect on the mitotic division of oogonia, on the progression of oocytes through meiotic prophase to the diplotene (so-called 'resting') stage, or on the formation of primordial follicles (see Baker & Neal, 1973 , 1975 Challoner, 1975a, b) . By contrast, follicle-stimulating hormone (FSH) , and possibly luteinizing hormone (LH), may influence the total number of germ cells (and the proportion undergoing degeneration before birth: Gulyas, Hodgen, Tullner & Ross, 1977a) , and the initiation of follicular growth beyond the primordial stage (Eshkol, Lunenfeld & Peters, 1971 ; Baker & Neal, 1973; Challoner, 1975a, b (Browne, 1920; Nakano, 1973) . The cause of anencephaly is unknown but its distribution throughout the world varies with race and social class from a nadir of 0-2 per 1000 deliveries in Norway to a zenith of 4-8 per 1000 births in Belfast and Dublin (Lemire, Beckwith & Warkany, 1978) . The incidence in the Edinburgh area of Scotland is 2-8 per 1000 deliveries (Elwood, 1970; Elwood & MacKenzie, 1971) and females are more commonly affected than males such that in Edinburgh the percentage of anencephalic males is close to the 30% of total affected births reported by MacMahon & McKeown (1952) .
The anencephalic fetus is characterized by the absence of the cranium, almost total destruction of the cerebrum and cerebellum, protruding eyes and tongue, obesity, various skeletal abnormalities (particularly affecting the limbs), and is often associated with various degrees of spina bifida (Browne, 1920; Nakano, 1973; Lemire et al, 1978) . Most authors believe that the hypothalamus and posterior lobe of the pituitary gland are absent from anencephalic fetuses, and Ch'in (1938) considered that the pars intermedia was lacking in 98% of his specimens. The anterior lobe of the pituitary is generally reduced in size (Browne, 1920; Ch'in, 1938; Nakano, 1973 (Salazar, MacAulay, Charles & Pardo, 1969 Michie, 1966; Nakano, 1973) . Indeed, the human fetal testis in anencephaly contains few androgen-producing Leydig cells (Zondek & Zondek, 1965) , and the low oestriol production by the feto-placental unit has been used as an aid in the diagnosis of anencephaly (Frandsen & Stakemann, 1961; Michie, 1966) .
Materials and Methods
The material consisted of 16 female and 9 male anencephalic fetuses, 12 female and 10 male control fetuses collected at the same time, and the control fetuses collected by Baker (1963 and unpublished results; see Table 1 ). Most of the fetuses and neonates were subject to routine post-mortem examination by pathologists at the Royal Hospital for Sick Children m Edinburgh (present material) or the Children's Hospital in Birmingham (Baker's 1963 material). (1963) .
The gestational ages of the normal fetuses were assessed from crown-rump length and the date of the last menstrual period recorded by the mother (see Baker, 1963) . For the anencephalic fetuses only the menstrual histories of the mother could generally be used since the vault of the skull was absent and the brain too severely damaged to permit crown-rump length to be accurately assessed. Nevertheless, lack of agreement between gross size and menstrual age necessitated the rejection of a further 3 female anencephalic fetuses from this study.
In both the present series of specimens, and those collected by Baker (1963) , the gonads were cleanly dissected from the fetuses and were fixed in Bouin's aqueous fluid, usually within 8 h of death: however, a few were not recovered for a further 24 h and some autolytic changes were evident in these specimens. Most of the gonads were serially sectioned at a thickness of 5-7 µ , although for others only a few representative sections cut at the same thickness were available. After staining with haematoxylin and eosin, or with Azan, the sections were examined and photographed for the developmental stage attained by the germinal and somatic cells.
Results

Development ofthe testis in normal and anencephalicfetuses
The normal human testis increases dramatically in size during fetal life but the histology of the seminiferous tubules presents a fairly uniform picture throughout pregnancy (PI. 1, Fig. 1 ).
These tubules have well-defined basal laminae and contain abundant gonocytes and somatic cells (so-called pro-Sertoli cells). Interspersed between the seminiferous tubules are islands of Leydig (interstitial) cells (PI. 1, Fig. 1 Fig. 5 ; Baker, 1963 Baker, , 1972b van Wagenen & Simpson, 1965 Fig. 6 ; Potter, 1963; Baker, 1972a, b) .
Development of ovaries in anencephalicfetuses
In view of the marked differences found in the development of the testis in anencephalic fetuses it was perhaps surprising that ovarian development was almost identical in the ovaries of anencephalic and control fetuses up to and including the 7th month of gestation. The youngest specimen available for study was aged 10 weeks p.c. and contained oogonia ('resting' and dividing) and oocytes at the leptotene and zygotene stages of first meiotic prophase (PI. 2, Fig.  7 ). The histological appearance of this specimen was therefore wholly consistent with that of coeval controls, although precise counts of the germ cells would be required to detect changes in the populations of oogonia and oocytes, and the extent of germ cell degeneration.
The ovaries of a 26-week old anencephalic fetus were also similar to those of controls (PI. 2, Fig. 8 Fig. 8; PI. 3, Fig. 9 ). However, there were no 'growing' or antral follicles (Text- fig. 2 ) in the anencephalic fetuses (PI. 3, Fig. 10 ; cf. PI. 2, Fig. 6 ).
Discussion
The results of the present study confirm Fig. 1 (Ch'in, 1938; Zondek & Zondek, 1965) . To the best of our knowledge, however, none of the previous reports on testicular histology of anencephalic fetuses has detected a relationship between the amount of interstitial cell tissue and the number of gonocytes within the seminiferous tubules, although a similar relationship may be found in the testis after fetal hypophysectomy (Gulyas, Tullner & Hodgen, 1977b) . In the present study gonocytes were sparse when Leydig cells were seemingly absent, but the presence of even a small number of Leydig cells was accompanied by a fairly normal distribution of gonocytes per tubule. This observation is based on only 9 anencephalic fetuses and should be confirmed for a larger series of specimens and for other 'model' systems such as organ culture. Nevertheless, the reduction in the number of gonocytes is likely to be marked because the overall size of the testis (and thus of the number of cross-sections of seminiferous tubules) is greatly reduced in anencephalic fetuses (Ch'in, 1938; Zondek & Zondek, 1965; Nakano, 1973) .
The presence in anencephalic specimens of loose connective tissue where the Leydig cells would be found in controls cannot be explained at present, but it might be related to the time when the lesion affected the hypothalamus. An early lesion might prevent the formation of interstitial tissue and so leave the seminiferous tubules closely apposed, while a later lesion (occurring after extensive Leydig tissue had formed) might result in the destruction or de-differentiation of the interstitial cells with consequent fibroblastic infiltration of the spaces. This hypothesis could be tested by studying human fetal testes grown in organ culture (see Abramovich et al, 1974) .
The fact that the population of Leydig cells was considerably reduced in the testes of anencephalic fetuses was surprising since earlier studies indicated that Leydig cell number and androgen production were closely correlated with the levels of hCG (Abramovich et al, 1974) (Courot, 1970) .
The present histological observations clearly show that the proliferation of oogonia in the embryonic ovary, the progression of oocytes through meiotic prophase to the diplotene stage, and the formation of primordial follicles, occur in anencephalic fetuses in a fashion similar to that in normal fetuses. No marked changes in the total population of germ cells, the proportion of cells undergoing degeneration, or the number of oocytes at each stage in differentiation could be detected. However, the ovaries were reduced in size and hence these observations need to be confirmed by quantitative procedures.
The only histological differences detected in the present study between anencephalic and control ovaries was in the appearance and distribution of the follicles. There was a tendency for primordial follicles to be scattered throughout the cortex of anencephalic fetuses whereas in controls they were usually located at the cortico-medullary boundary. This small change was variable in extent and needs to be substantiated for more specimens aged 20-38 weeks p.c. However, the total absence of follicles with more than one layer of granulosa cells from the anencephalic specimens was in marked contrast to the situation in controls in which 'growing' and small antral follicles are consistently observed in ovaries recovered between the 32nd week p.c. and the time of birth (Potter, 1963; van Wagenen & Simpson, 1965; Baker, 1972b ).
An absence of follicles beyond the primordial stage has also been observed in juvenile mice which had been injected with an antiserum to gonadotrophin on the day of birth: the effects of the antiserum could be overcome by injections of FSH and LH (Eshkol et al, 1971 (Baker & Neal, 1973 , 1975 Challoner, 1975a, b 
